The Sudzhuk Lagoon, including Sudzhuk Spit and the adjacent territory, is a unique natural complex of the northeastern part of the Black Sea, that has been studied throughout the last century. In accordance with the environmental importance of lagoon ecosystems, the «Sudzhuk Lagoon» Natural Monument of regional significance was created in 1983, which was included within the network of Protected Areas of the Krasnodarsky Krai. The goal of the present research was to characterise the long-term changes in lagoon's bottom vegetation from 1921 to 2015, and to reveal the features of species composition and the communities changes. During the investigation period, the number of macrophyte species increased from 16 to 27. Five new species typical for eutrophic water have been found, and more than ten species disappeared. Despite the Sudzhuk Lagoon being included within the protected areas, almost a complete disappearance of the Lamprothamnium papulosum + Chara vulgaris community and a dominance of the Ruppia cirrhosa -Lophosiphonia obscura -Cladophora albida community have been observed. By 2015, the biomass of the opportunistic green alga Ulva intestinalis near the channel, which connect the lagoon with the sea, increased by an order of magnitude compared to 1985. At the present time, intensive transformation has occurred in communities of aquatic vegetation, and the dominance of Phragmites australis and Stuckenia pectinata were found. Almost all research areas of the Sudzhuk Lagoon were in a poor ecological status according to the Ecological Index (EI), except for a few locations in the central and southeastern parts with a moderate ecological status. The lack of a management plan to protect the Sudzhuk Lagoon and intensification of unregulated recreation, along with other natural and anthropogenic factors, can lead to the loss of this unique natural complex. Effective measures aiming at preserving the ecosystem of the Sudzhuk Lagoon with its biological and landscape diversity were proposed.
Introduction
The Sudzhuk Lagoon and Sudzhuk Spit form a single semi-isolated seaside natural complex in the northeastern part of the Black Sea, near Novorossiysk Bay. It plays a significant role for commercial fish species feeding and spawning, conservation of waterfowl habitats during their migrations and wintering, as well as coastal vegetation habitats (Bolgova, 1996; Berezenko & Povoroznyuk, 2012; Litvinskaya, 2013) . Previously, the ecological and social importance of the Sudzhuk Lagoon was associated with reserves of therapeutic muds (Frenkel, 1900) . Its formation was connected with high productivity of charophytes that were dominant before the 1970s (Gromov, 1982; Kalugina-Gutnik et al., 1988; Berezenko & Povoroznyuk, 2012) . The first studies of charophytes and bottom vegetation in the Sudzhuk Lagoon were carried out at the beginning of the 20 th century by V.M. and K.V. , and the research of benthic communities and water quality began in the mid-20 th century (Frindlyand et al., 1957; Milovidova, 1961; Kalugina-Gutnik, 1975 ).
In accordance with environmental importance of the lagoon's ecosystems, in 1983 the «Sudzhuk Lagoon» Natural Monument of regional significance (0.5823 km 2 ) was created, and in 2016 the «Prilagunye» Natural Recreational Sight (0.0845 km 2 ) was established, both being included in the network of Protected Areas of the Krasnodarsky Krai (Zabelina et al., 2006; Litvinskaya, 2017) . The water surface area of the «Sudzhuk Lagoon» Natural Monument was 0.356 km 2 with the marine zone along the Sudzhuk Spit of about 50 m width. The monitoring of the macrophytobenthos of the «Sudzhuk Lagoon» Natural Monument was continuously carried out after its creation, including the study of species composition, structure of bottom vegetation, and spatial distribution of key macrophytes (Gromov, 1982; Kalugina-Gutnik et al., 1988; Bolgova, 1996) .
Considering the significant shifts in the hydrological and hydrochemical regime that occurred in recent decades, the goal of the present research was to summarise the macrophytobenthos longterm monitoring data of the Sudzhuk Lagoon and identify the changes in the communities structure from 1921 to 2015. This research has scientific and environmental significance, since such long, regular series of bottom vegetation monitoring were scarce or absent in the Black Sea, like in many regions of the World (Milchakova, 2003; Milchakova et al., 2015) , and it should be continued for lagoon ecosystems on the Caucasus coast of the Black Sea using the recommendations of the Marine Strategy Framework Directive (EPC, 2008) .
Material and Methods

Characteristics of the Sudzhuk Lagoon
The Sudzhuk Lagoon is located at the southeast edge of the Abrau Peninsula, on the western shore of Novorossiysk Bay. The lagoon is separated from the sea by a spit 25 to 70 m wide at the east and connected to the Black Sea by a small channel in the southwestern part (Fig. 1) . Until 1950, the width of the channel was about 20 m, and it did not exceed 2 m by 2017. The connection of the lagoon with the Black Sea was often disturbed due to channel washout resulting from heavy storms, which were typical for the Novorossiysk Bay region (Simonova & Altman, 1991) .
The area of the lagoon was 0.38 km 2 in the early 20 th century; it reduced to 0.35 km 2 by 1985, and it was about 0.33 km 2 within the last decade (Berezenko & Povoroznyuk, 2012) . The average depth was about 0.85 m, and the maximum depth did not exceed 1.5 m (Bolgova, 1996) . The temperature and salinity presented seasonal and interannual fluctuations, and the lagoon was completely covered by ice in cold winters (Simonova & Altman, 1991) . Fresh water inflow was due mostly to atmospheric precipitation, and to a lesser degree to small streams and groundwater throughflow. In recent years, due to coastal development, the number of streams and springs has significantly decreased, and the inflow of freshwater to the lagoon has dramatically reduced. At the same time, the inflow of contaminated water in areas with a high anthropogenic load in the coastal zone has been observed (Martynov et al., 2011; Berezenko & Povoroznyuk, 2012) .
Gray mud dominated in bottom sediments (about 90% of the bottom area), and shell rock, silt sands and pebbles were less common (Bolgova, 1996) . Hard rocks were typical for the central part of the western shore between seashore and 0.5 m depth. 
Methods
The macrophytes samples were taken by the authors in the summer season from 1978 to 2015, using the same permanent grid of stations ( Fig. 1) which were used by Kalugina-Gutnik et al. (1988) . Sampling of macrophytes was carried out using 25 × 25 cm frame in quadruplicate, placed randomly at each station (Kalugina-Gutnik, 1975) . All samples were packed, labeled and stored in refrigerator bags during the field's research. In total, 216 quantitative and 72 qualitative samples of macrophytobenthos were collected and processed during the research period. The identification of macrophytes was carried out in the laboratory after sampling, and the biomass (g × m -2 , wet weight) of epilithic species was measured. Macroalgae were identified using specific scientific guides (Zinova, 1967) , in accordance with nomenclatural changes (Guiry & Guiry, 2018) . The communities were indicated according to the classification of bottom vegetation for the Black Sea (Kalugina-Gutnik, 1975) .
The water samples from five stations in the Sudzhuk Lagoon were taken in 1985 and 2015. These sets of samples were analysed in the Chemical Laboratory of the State Maritime University (Novorossiysk) in accordance with standard procedures (Drugov & Rodin, 2012) with the participation of N.S. Berezenko.
The ecological status of the Sudzhuk Lagoon in 2015 was assessed using the Ecological Index (EI) (Orfanidis et al., 2014) according to the Water Framework Directive (WFD). Index EI was calculated by a simplified formula as the percentage ratio of biomass (wet weight) of late-sensitive (highly sensitive) species (Ecological Status Group I, ESG I) divided by biomass of opportunistic-tolerant species (Ecological Status Group II, ESG II). In ESG I, Ruppia cirrhosa (Petagna) Grande was included. ESG II contains species mostly typical for eutrophic areas such as Ulva intestinalis L., Cladophora albida (Nees) Kützing, Lophosiphonia obscura (C. Agardh) Falkenberg, and also Stukenia pectinata (L.) Börner, due to its high tolerance to changes in environmental conditions. The percentage ratio of biomass of ESG I and ESG II species were divided in four ecological classes from 0% to 100% following the range of EI: 8-10 (high status, the share of ESG I is between 80% and 100%), 6-8 (good status, the share of ESG I varies from 60% to 80%), 4-6 (moderate status, the share of ESG I varies from 40% to 60%), and 2-4 (poor status, the share of ESG I is between 0% and 40%).
Analysis of variance (ANOVA) was used to determine differences between biomass of macrophytes in 1985 and 2015, and species composition from 1921 to 2015. A test for the normality of the distribution of these indicators was carried out using the Shapiro-Wilk W-test. The differences in the biomass and species composition were estimated by the KruskalWallis test. The published data and scientific reports (unpublished data), which were provided by N.S. Beresenko, were considered for statistical analysis.
The statistical analysis was carried out using the Statistica 10 software package. The critical level of significance in checking statistical hypotheses (p) was assumed to be 0.05.
Results
The hydrological and hydrochemical parameters of the Sudzhuk Lagoon in 1985 and 2015 are represented in Table 1 .
The salinity ranged from 18.7‰ to 19.8‰ and between 17.0‰ and 18.9‰ in 1985 and 2015, respectively (Table 1 ). The highest salinity was found near the channel in 2015 (station 1) and in the shallow areas in 1985 (station 2 and station 4). From 1985 to 2015, the nitrites concentration increased 8.2 times at station 1, 1.2 times at station 2 and 6.5 times at station 4. The nitrites content was lower in 2015 at station 5, and it varied insignificantly at station 3. The phosphates concentration varied slightly at station 2 and station 3. It increased over 1.4 times at station 1 and decreased 2.2 times at station 4. An increase in the petroleum hydrocarbons concentration was recorded at all stations; it was 18.4 times at station 1, and 2.7-3.2 times at other sites. In general, the highest content of nutrients and petroleum hydrocarbons was noted in 2015 near the channel at station 1 (Table 1) .
Changes in macrophyte species composition
In total, 49 species of macrophytes were identified from 1921 to 2015: four species of Tracheophyta, three -Charophyta, 18 -Chlorophyta, seven -Ochrophyta and 17 -Rhodophyta species. Until 1975, the constant species were Chara vulgaris L., Lamprothamnium papulosum (K. Wallroth) J. Groves, Zostera marina L., Stuckenia pectinata, Ceramium virgatum Roth, Cladophora albida and Lophosiphonia obscura.
From 1921 to 2009, the number of macrophytes species remained constant, while it nearly doubled from 1995 to 2015, mainly due to Chlorophyta species (Table 2) . For the last two decades the share of Ochrophyta species within the macroalgae richness decreased from 25% to 8%, and the share of Chlorophyta species increased from 41.7% to 56%. Fig. 1 ; before the slash the data from 1985 (Kalugina-Gutnik et al., 1988) ; after the slash the data from 2015, which were provided N.S. Berezenko and A.M. Stikhova; a dash -the content is absent. 
Changes in bottom vegetation
Significant changes of the macrophytobenthos were observed from 1985 to 2015 (Fig. 2, 3) . Although its average biomass decreased slightly in 2015 (from 1198 to 1032 g × m -2 ), the biomass of macrophytes by stations ( -2 ), they were 2.2 and 1.9 times lower near the channel (stations 2, 3, 17) and in the northern part (stations 12, 13), respectively. The average biomass of L. obscura was also reduced (from 570.8 g × m -2 to 492.4 g × m -2 ), and it varied widely by stations (between 44.8 g × m -2 and 1318.4 g × m -2 ). The increase of R. cirrhosa biomass was 1.5-2.5 times only in the southeastern part (stations 5-7), and the share of L. obscura in the biomass of communities was the highest near the channel and also in the southeastern part, where it reached 82.2% and 72.7%, respectively. The most significant changes were registered for the biomass of Chlorophyta species in the shallow areas of the Sudzhuk Lagoon from 1985 to 2015 (Fig. 3) . The biomass of Ulva intestinalis increased in the southwestern part (stations 2, 17, 19) from 
Discussion
The Sudzhuk Lagoon belongs to C1.5 Permanent inland saline and brackish lakes, ponds and pools (EUNIS Habitats classification, 2007) , and to C1.521 Submerged macrophyte communities of inland saline and brackish waters by the Black Sea classification (Minicheva et al., 2008) . These habitats have a high conservation statute, since their biodiversity has dramatically decreased since the 1950's in many coastal lagoons in Europe due to anthropogenic load and pollution (De Wit, 2011) .
Similar negative changes were found in the bottom vegetation of the Sudzhuk Lagoon during the last decades. At the beginning of the 20 th century, Charophyta species (Lamprothamnium papulosum and Chara vulgaris) were dominant among the macrophytes by biomass, and Chlorophyta species were absent (Arnoldi K.V., 1924; Arnoldi V.M., 1924) . In 2015, the number of Chlorophyta reached 14 species, and charophytes almost disappeared, including L. papulosum, which was included in the Red Data Book of the Russian Federation (Bardunov & Novikov, 2008) . Most of the new green macroalgae were indicators of medium or high levels of pollution from the sewage (KaluginaGutnik, 1975; Kalugina-Gutnik et al., 1988) .
The charophyte (Lamprothamnium papulosum and Chara vulgaris) and seagrass (Ruppia cirrhosa, R. maritima and Zostera marina) communities were dominated until the 1980s in the Sudzhuk Lagoon; the biomass of Lamprothamnium papulosum + Chara vulgaris community varied from 550 g × m -2 to 2720 g × m -2 (Kalugina-Gutnik, 1975 ). In the last several decades, a significant decrease in the area occupied by charophytes L. papulosum and Ch. vulgaris was observed (Milovidova, 1961; Kalugina-Gutnik, 1975; Kalugina-Gutnik et al., 1988) , and in 2015 Ch. vulgaris was very rarely found. Lamprothamnium papulosum, typical for clean, unpolluted water probably cannot compete with dense tufts of filamentous algae such as U. intestinalis that develop with nutrient enrichment. Reduction of L. papulosum and other species of charophytes were recorded along with anthropogenic induced eutrophication in saline lagoons in Denmark, Sweden and Norway (Becker et al., 2016) .
The Ruppia cirrhosa -Lophosiphonia obscura -Cladophora albida communities were typical only in the early 20 th century (Arnoldi K.V., 1924;
Arnoldi V.M., 1924), and it dominated again over the entire area in 2015. Additionally, Stuckenia pectinata, which practically disappeared by the mid-20 th century (Kalugina-Gutnik et al., 1988) , has occurred again in the northern and southwestern parts of the Sudzhuk Lagoon. The area of S. pectinata increased more than threefold in 2015 compared with 1985. According to Orfanidis et al. (2014) , Stuckenia spp. are similar to opportunistic species, since they are very tolerant to salinity and their surface-to-volume (S/V) ratio is the highest, as compared to perennial seagrass and some macroalgae species. The high abundance of Ruppia cirrhosa and Stuckenia pectinata were also probably connected with the difference in salinity in the central part of the Sudzhuk Lagoon and along its borders (Table 1) . De Wit (2011) noted the homogenous salinity in the centre of coastal lagoons of Europe and the fluctuating salinity gradients along their borders. Besides, R. cirrhosa from the Eurasian southern seas, including the Black sea coastal lagoons and gulfs, was tole-rant to a high range of salinity up to hypersaline conditions (Milchakova, 2003 (Milchakova, , 2011 . Davison & Hughes (1998) also noted that Ruppia spp. were less sensitive to a higher content of nutrients than Zostera marina and Z. noltei Hornemann. The growth of R. cirrhosa in the polluted areas of the Sudzhuk Lagoon was probably connected with its higher tole-rance to environmental conditions, and with the reduction of the Z. marina and Z. noltei density.
The changes in macrophyte species richness, the disappearance of Ochrophyta and Charophyta species which are indicators of environmental quality, and the appearance of Chlorophyta species which are mostly typical for polluted water, were associated with a hydrological and hydrochemical regime shift and with the destruction of biotopes due to increased anthropogenic load (Martynov et al., 2011; Afanasyev et al., 2012; Berezenko & Povoroznyuk, 2012; Litvinskaya, 2013) . The same negative changes were shown for some coastal lagoons of Brazil, where the development of opportunistic species and dominance of green and red macroalgae were registered with increasing eutrophication (Amaral et al., 2018) . Over the last 25 years, the decrease in macrophyte richness by 26-46% and the biomass of macrophytes by 50-72% in the average high-salinity and low-salinity lagoons, respectively, were observed (Amaral et al., 2018) .
The values of EI show that almost all areas of the Sudzhuk Lagoon are in poor ecological condition, except for the central (station 10) and southeastern (stations 5-7) areas, which were at moderate status (Table 3 ). In the western part the moderate status was at stations 8 and 18 from 0.8 m to 1.2 m depth, respectively. The lowest value of EI was near the channel in the southwestern and northeastern parts (in total at 12 stations) where the highest anthropogenic and recreational load at the coastal zone (Fig. 1) and a higher content of nutrients (Table 1 , stations 1, 4) were observed.
Due to unplanned urbanisation of the coastal area, the threats to the natural complexes of the «Sudzhuk Lagoon» Natural Monument, including «Prilagunye» Natural Recreational Sight, are connected with the absence of associated infrastructure, and parking of motor vehicles in the marine protection zone, leading to littering and eutrophication of the shallow area (Martynov et al., 2011; Afanasyev et al., 2012; Berezenko & Povoroznyuk, 2012) . In many areas of the Sudzhuk Lagoon, the destruction of macrophyte biotopes was recorded due to bottom clearance for recreational use, including the removal of therapeutic mud that lost its properties many decades ago due to eutrophication. An increase in anthropogenic pressure on the Sudzhuk Lagoon and the inflow of domestic wastewater will lead to more pronounced changes in bottom vegetation, including swamping by Ph. australis, which was capable of growing in waters with 10-15‰ salinity or more, and often formed extensive stands in the borders of the coastal lagoons where freshwater inflow was observed (De Wit, 2011) . Fig. 1 ; * -share of biomass ESG I and ESG II was calculated from the total biomass of each station.
The lack of effective measures to protect the «Sudzhuk Lagoon» Natural Monument can lead to the loss of this unique ecosystem. We recommend the creation of a «Sudzhuk Lagoon» Sanctuary by combining the «Sudzhuk Lagoon» Natural Monument and «Prilagunye» Natural Recreational Sight, due to the 13 species of vascular plants, including Lamprothamnium papulosum, listed in the Red Data Book of the Russian Federation (Bardunov & Novikov, 2008) , the 19 macrophytes and vascular plants included in the Red Data Book of the Krasnodarsky Krai (Litvinskaya, 2017), and to the 8 species of birds having an international conservation status (Litvinskaya, 2013) . The development of a system of specially protected natural areas, including the Black Sea, was justified in the Environmental Policy of the Russian Federation until 2030. In our opinion, the conservation measures of these natural protected areas, including the coastal lagoons, should take into account their conservation (EUNIS Habitats classification, 2007; IUCN, 2016) and ecological status using the state of macrophytes communities as a quality element of WFD.
Conclusions
In accordance with the almost 100-year period of investigation of the Sudzhuk Lagoon macrophytobenthos state, the changes in the species richness and structure of their communities were identified. The number of macrophytes increased from 16 to 27 between 1921 and 2015, mainly due to the development of Chlorophyta species. In the last several decades, the typical species Dictyota repens, Ceramium ciliatum, Dasya baillouviana, Polysiphonia opaca, P. pulvinata, Vertebrata fucoides, and Zostera marina disappeared, while the abundance of Ulva intestinalis and other opportunistic species, considered as indicators of eutrophication and pollution, substantially increased.
The creation of the «Sudzhuk Lagoon» Natural Monument in 1983 did not stop the negative changes in the bottom vegetation. Significant changes of the community structure were found from 1985 to 2015. The largest areas of the Sudzhuk Lagoon were occupied by the Ruppia cirrhosa -Lophosiphonia obscura -Cladophora albida community with a dominance of R. cirrhosa. The communities of seagrasses (Zostera marina and Z. noltei), charophytes (Chara vulgaris and Lamprothamnium papulosum), which previously dominated, had almost disappeared. The biomass of charophytes Ch. vulgaris and L. papulosum decreased by more than two orders of magnitude. The communities of vascular plants and marsh vegetation with a dominance of Phragmites australis and Stuckenia pectinata replaced the communities of macroalgae, especially in the northern part of the Sudzhuk Lagoon. Almost all research areas of the Sudzhuk Lagoon are in a poor ecological status, except central and southeastern parts, found in the moderate status.
It is necessary to create the «Sudzhuk Lagoon» Sanctuary by combining the «Sudzhuk Lagoon» Natural Monument and «Prilagunye» Natural Recreational Sight, and a management plan for the conservation of this unique ecosystem.
